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Abstract 


The  application  of  the  backfire  principle  to  endfire  antennas 
increases  their  gain  by  4  to  6  db  over  that  of  the  original  gain- 
maximized  array. 

This  report  describes  basic  investigations  on  a  9080-Mcp8 
backfire  antenna  which  was  converted  from  an  optimized  Yagi  an- 
t‘enna.  Backfire  antenna  models  have  also  been  successfully  tested 
at  frequencies  of  3000,  600,  and  220  Mcps.  The  design  procedure 
and  physical  dimensions  are  given  for  all  models. 

In  addition,  a  method  for  building  backfire  antennas  with  gain 
figures  up  to  25  db  is  discussed. 
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Backfire  Antennas  for  SHF,  UHF,  and  VHF  Bands 


I.  INTRODUCTION 

The  backfire  principle,  which  was  introduced  by  one  of  the  au¬ 
thors  in  i960,  ^  changes  the  efficiency  of  conventional  endfire  antenna’s 
such  that  gain  increases  of  4  to  6  db  can  be  obtained  without  increasing 
their  length.  A  general  report  on  the  application  of  the  backfire  prin- 
ciple  to  a  Yagi  antenna  was  published  in  I96I.  Further  information 
can  be  found  in  Ref.  3.  Figure  1  shows  a  sketch  of  this  new  antenna 
type,  the  backfire  antenna.  The  feed,  directors,  and  the  linear  re¬ 
flector,  however,  and  the  two  linear  reflectors  mounted  approximately 
0.25  X  on  either  side  of  the  center  reflector  are  necessary  as  addi¬ 
tions  to  convert  the  Yagi  to  a  properly  performing  backfire  antenna. 

It  has  been  found  that  with  this  reflector  combination,  maximum  effi¬ 
ciency  and  a  good  control  of  the  back  and  sidelobe  levels  can  be  ob¬ 
tained.  Therefore  all  backfire  antenna  types  described  in  this  report 
make  use  of  this  reflector  combination. 

deceived  for  publication  15  March  1963. 
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Figure ‘Z  shows  a  comparison  of  a  Yagi  and  a'backfire  antenna 
with  the  same  gain,  14.  5  db  above  dipole.  The  Yagi  aTray.,*  fed  b*yr:  a 
•  dipole  with  a  linear  reflector  behind  it,  has  .a  length  of  7. *2  \  and  ' 
needs  35  directors  if  a  constant  spacing  of  O.ZX-is  chosen.*  The 
backfire  antenna,  however,  is  but  1.  5  K  in  length  And  has  for  the 
same  spacing  only  8  elements,  5  directors  and  3  linear  Veflectons; 
The  plane  reflector  has  the  dimensions.,  2  XX  2.X.  The  comparable 
antenna  types  differ  in  length  by^a  factor  of  4.8.  *  ’  . 

In  this  report  models  of  backfire  antennas*  for  the  following  v 
•frequency  bands  are  described:  *  *  ’  d"  .  • 

SHF  band  for  9080  and  3000  Mcps..  .  *  •  * 

UHF  band  for  600 ‘Mcps. 

VHF  .band  for  220  Mcps.  '  *  *.  ‘ 


BACKFIRE  ANTENNA 
Number  of  elements  8 
Plane  reflector  2X  x  2X 


YAGI  ANTENNA 

Number  of  elements  36 


H  - *  ‘  -  7.2X- 


Figure  2.  Comparison  of  a  Yagi  and  a  Backfire  Antenna  for 
the  Same  Gain,  14.  5  db  Above  Dipole 


P'igure  3.  Sketch  of  Backfire  Antenna  for  X  Band 
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2.  BACKFIRE  ANTENNAS  FOR  SHF  BAND 

2. 1  9080-Mcps  Measurements  (X  Band) 

All  basic  measurements  and  general  investigations  of  the  back¬ 
fire  principle  were  performed  at  9080  Mcps  (\  =  3.  3  cm).  For  these 
experiments  a  Yagi  antenna  with  monopoles  on  a  ground  plane  was 
first  measured,  and  then  converted  to  a  backfire  antenna.  The  Yagi 
endfire  array  was  constructed  on  a  circular  plate  (Figure  3)  fitting 
flatly  into  a  large  ground  plane.  The  director  elements  were  small 
brass  rods  fitted  to  holes  drilled  in  the  plate.  Their  spacing  was 
kept  constant  at  0.  2  X  and  their  height  could  be  easily*  adjusted  with 
a  modified  depth  gauge.  For  the  conversion  of  the  Yagi  to  the  back¬ 
fire  antenna,  two  linear  reflectors  and  a  plane  reflector  were  added, 

as  shown  in  Figure  3.  The  directors  had  to  be  adjusted  to  a  new  opti- 
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mum  height  for  maximum  gain.  By  feeding  them  from  beneath  the 
ground  plane,  these  models  were  used  as  transmitting  antennas.  The 
receiver  was  connected  to  a  horn  situated  at  the  appropriate  end  of 
the  ground  plane,  a  distance  of  100  X.  A  calibrated  attenuator  in  the 
energizing  circuit  made  possible  the  measurement  of  gain  figures  to 
an  accuracy  of  ±0.  1  db.  Farfield  antenna  patterns  could  be  measured 
by  rotating  a  mount  connected  to  the  circular  plate  on  the  ground  plane. 
The  results  were  plotted  with  a  synchronized  pattern  recorder.  A 
sketch  of  the  experimental  setup  is  shown  in  Figure  4,  while  Figure 
5  is  a  photograph  of  the  actual  X-band  range,  with  the  rotatable  circu¬ 
lar  plate  in  the  foreground  and  the  receiving  horn  in  the  background 
at  the  opposite  end  of  the  ground  plane.  Figure  5  also  shows  the  tech¬ 
nique  for  measuring  phase  velocity  and  element  currents.  A  very 
small  probe  is  moved  along  the  row  of  elements  as  described  in  Refs. 

4  and  5.  All  gain  measurements  were  referred  to  the  feed  radiation 
alone.  Therefore,  all  gain  figures  in  db  represent  the  gain  of  the 
Yagi  or  backfire  antenna  on  the  ground  plane  cvbove  the  fed  half  dipole' 
that  is  also  on  the  ground  plane,  or  the  gain  of  the  free  space  Yagi 
or  backfire  antenna  above  a  dipole. 


Figure  5.  Experimental  Setup  for  Measuring  Pattern, 
Phase  Velocity,  and  Element  Current  of  Yagi  and  Back¬ 
fire  Antennas. 
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With  the  positioning  of  ^  fed  half  dipole  at  one  edge  of  the  cir¬ 
cular  plate,  the  p].ane  reflector  had  to  be  placed  at  the. opposite  end- 
of  the  Yagi  antehna  in  brder  to  create  the  backfire.  The  main  lobe  of 
the  pattern  is  now  shifted  by  180  from,  its  previous  position.  The 
H-plane  radiation  patterns  of  a  Yagi  2  K  in  length  and  the  converted 
backfire  with  the  same  length  are  shown  in  Figure  6.  The  plane  re¬ 
flector  -of  th‘e  backfire  had- a  size  of  1.  25  \  X  2.  50  X;  the  two  outside 
lin.ear  •reflectdr.s  werd  spaced  0.  20  X  from  the  center  reflector.  The 
conversion  from.  Yagi  to  backfire  resulted  in  a  gain*  increase  of  5. 2  db 
a*nd  decreased  the. side  and  back  lobes  significantly.  The  half -power 
.beaihwidth  was  reduced  from  4.1^  to  24'.  5^*.  , 

*  It  has  been  found  that  Tor.  besf  results,  the  additional  .linear 
reflector  s  •should  be  located  a^t  a ‘distance  of  0.  20  X  to  0.  35  X  from  the 
center  refle-ctpr.  ■  By; changing' their  length- and  spacing,  the  beam- 
widfh  and  sidelobe  and  backtobe  lev.el  can  be  varied  slightly.  ' 

*,  *  di  still  greater.  ipJflUence  oh  the  gain  and  radiation  pattern  of  . 

a  backfire  antenna  is'*  the  size  of ‘its  plane,  reflector.  *In  order  to  de- 
.*.*••»*  •  . 

ter  mine  the  reflector,  size,*  a  series  of  gain*  and  sidelbbe  level  mea¬ 
surement^,  were  performed  on  a -backfire  antenna,  1.  5  X  in  length. 

The  plane  reflector  was  varied  from  0.  50.X  X  1 . 00  X*to  1 . 50  X  X  3.  00  X 
in  five  steps.  The  results  are  shown  in  the  curves  of  Figure  7,  gain 
and  halfpow.er  beamwidth  as  a  function  of  reflector  size,  and  Figure 
*8,  first  sidelobe  and  backlbbe  level.s  as  a  fimction  of  reflector  size^ 

I^  can-be  feeexi  from  figure*  7- that  maximutn  gain  is  obtained  for  a 
plane,  reflector  fixkt  of  1, 25  XX-.  2.  50  X,  but  the  narrowest  beamwidth 
occurs  with  dimensionfif.  of*  1 .00  X  X  2.  0.0  X.  According  to  Figure  8, 
the  first  sidelobe, is  lowest  in  the  region  between  these  two  reflector 
*  sizes,  while  the  backlobe  decreases  continuously  with  an  increasing 
reflector  size/  as'expected.  ’  The  1. 00  XX  2.  00  X  reflector  size  was 
chosen  for  the  optimum  antenna  due  to  the  narrow  half-power  beam- 
width  while  the  gain,  was  very  close,  to  maximum. 


Figure  6.  Farfield  Patterns  of  a  Yagi  and  a  Backfire 
in  the  H  Plane,  2  \  in  Length 
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Figure  7.  Gain  and  Half- Power  Beamwidth  as  a  Function 
of  Reflector  Size 


o.5Kim  arsiux  iooRex)x  i.zsr2.sx  isoxsox 

Figure  8.  First  Sidelobe  and  Backlobe  Levels  as  a 
Function  of  Reflector  Size 


GAIN  ABOVE  DIPOLE  (db) 
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The  physical  dimensions  for  the  optimized  backfire  antenna, 
similar  to ‘that  shown  in  the  sketch  of  Figure  3,  were  the  following: 


Number  of  directors  .  *•  .  5 

Height  of  directors  *  0.  16Z  X. 

Spacing  of  directors  *  •  ‘  0. 20.0  X 

Number  of  linear  .reflectors  3 

Height  of  center  reflector  *  0.230  X 

Height  of  outside  reflectors  *  0.204X 

Spacing  of  center  reflector  from  feed  •  0;  200  X* 

Spacing  between  reflectors  .  •.  *  *  0.333  X 


Dimensions  of  plane  reflector  1, 0  X  X  2.  0  X 

Spacing  between  plane  reflector  and  la&t  directbr  0.  300  X 


Height  of  feed 


0.212X 


Diameter  of  all  elements 


0.048X 


The  gain  above  dipole  was  14.  4  db’ and  half-power  beamwidths  were*  • 
25.  5^  in  the  E  and  28^  in  the  H  plane. 

If  higher  gain  is  needed*,  two  or  more  backfire  antennas  can  be  . 
arranged  in  front  of  a  common  plane  reflector.  Such  an  antenna  is 
described  in*Ref.  2.  It  has  a  length  of  3,  6  X  and,  with  a  half  circu¬ 
lar  reflector  of  2.  5  X  radius,  develops  a  gain  of  21  db  above  dipole. 

The  same  gain  can  also  be  achieved  with  an  elliptically  formed  plane, 
reflector  of  major  axis  5-.  0  X  and  minor  axi§  2.  5  X. 

2.2’  3000-Mcps  Measurements  (S  Band) 

•  '  •• 

The  first  free- space  backfire  antenna  was  built  for  a  frequency 
of  3000  Mcps  (X  =  10  cm),  with  a  length  of  1, 5  X.’  The  dimensionls 
were  scaled  as  close  as  possible  to  those  at  X  band.  *  The  director 
and  reflector  elements  were  fabricated  of  ^  in.  diameter  brass  '  / 
tubing  (d  =  0.48  X)  and  fitte'd  with  pins  for  length  adjustment.  Direc¬ 
tor  spacing  was  also  kept  constant  at  0.‘20  X.  The  plane  reflector 
had  a  size  of  2.  0  X  X  2.  0  X  which  corresponds  to  the  1 . 0  X  X  .2.  0  X 
reflector  on  fhe  ground  plane.  .  Only  the  spacing  of  the  linear  reflectors 
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was  modified  to  0.  20  \  for  mechanical  reasons.  All  elements  were 
mounted  on  a  boom  of  ^  in.  diameter  brass  tubing  (d  =  0.  127  X,).  A 
precast  S-band  dipole  was  employed  as  the  energizing  element.  A 
'sketch  of  the  model  is  shown  in  Figure  9. 


Figure  9.  Sketch  of  the 
3000- Mcps  Backfire  Antenna 


Farfield  pattern  measurements  were  performed  in  a  micro- 
wave  reflection-free  room.  The  test  model,  used  as  a  receiver, 
was  built  on  a  small  antenna  mount,  which  was  connected  to  a  syn-  . 
chronized  pattern  recorder.  A  dipole  with  a  parabolic  reflector  was 
used  as  the  transmitter. 
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Measurements  showed  that  scaling  could  not  be  accomplished  in 
perfect  agreement  with  X-band  data.  This  lack  of  agreement  may  be 
attributed  to  the  relatively  large  size  of  the  boom.  The  heights  of  the 
directors  and  reflectors  required  new  adjustments  for  maximum  gain. 
The  following  dimensions  were  found  experimentally: 


Number  of  directors  5 

Length  of  directors  0. 406  \ 

Spacing  of  directors  0.  200  X, 

Number  of  linear  reflectors  3 

Length  of  center  reflector  0.  575  X. 

Length  of  outside  reflectors  0.  500  \ 

Spacing  of  center  reflector  from  feed  0.  200  \ 

Spacing  between  reflectors  0,  200  X. 


Dimensions  of  plane  reflector 

Spacing  between  plane  reflector  and  last  director 
Length  of  feed 


2. 0  X  X  2.  0  X 
0. 300  X 

0.500  X 


Diameter  of  elements 


0.  048  X 


The  pattern  of  this  optimized  1.5  X  backfire  is  shown  in  Figure  10. 

The  measured  gain  is  14.  5  db  and  the  half-power  beamwidth  is  25.-5^ 
in  the  H  plane.  These  agree  excellently  with  the  corresponding  values 
for  the  X-band  model.  The  side  and  backlobe  levels  are  even  lower 
than  in  the  X-band  case. 


3.  UHF  A^ASUREMENTS 


Due  to  equipment  and  test  range  capabilities  at  AFCRL,  a  fre¬ 
quency  of  600  Mcps  (X  =  50  cm  or  19.  7  in. )  was  selected  for  a  back¬ 
fire  antenna  in  the  UHF  range.  Scaling  from  X-  or  S-band  models 
could  not  be  accomplished  without  having  elements  with  extremely 
large  diameters.  Therefore,  the  elements  were  constructed  from 

i.  in.  diameter  aluminum  rod  (d  =  0. 0127  X)  and  fitted  with  thin  alumi- 
4  c 

num  sleeves  for  case  in  length  adjustment.  Aluminum  tubing  of  ^  in. 


Figure  10.  Farfield  Patterns  of  a  1.5  3000-Mcps 

Backfire  Antenna  in  the  E  and  H  Planes 


13 


diameter  (d  =  0.032  \)  was  used  for  the  boom,  while  the  plane  reflector 
was  constructed  of  a  2  \  X  2  \  sheet  of  expanded  aluminum  and  mounted 
on  a*  wooden  frame  as  shown  in  Figure  11.  The  backfire  model  again 
had  a  length  of  1.  5  X,  and  the  director  spacing  was  0.  20  For  the  best 
pattern,  the  spacing  between  the  linear  reflectors  was  selected  as  0.30 


Figure  11.  Fhptograph  of  the  600-Mcps  Backfire  Antenna 
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For  the  best  performance,  the  backfire  had  the  following  dimen¬ 
sions: 


Number  of  directors 
Length  of  directors 
Spacing  of  directors 


5 

0.381  \ 
0.200X 


Number  of  linear  reflectors  .  8 

Length  of  center  reflector  0. 514  \ 

Length  of  outside  reflectors  0,412X. 

Spacing  of  center  reflector  from  feed  0.  200  \ 

Spacing  between  reflectors  0.  300  \ 


Dimensions  of  plane  reflector  2. 0  \  X  2.  0  \ 

Spacing  of  plane  reflector  from  last  director  0.  300  \ 


Length  of  feed  0, 450  X 

Diameter  of  elements  0.  0127  X 


The  farfield  pattern  for  horizontal  polarization  of  this  antenna  is 
shown  in  Figure  12.  The  gain  measured  approximately  14 db  above 
a  dipole  with  the  first  sidelobe  and  backlobe,  16  db  and  20  db  below 
maximum. 


4.  VHF  MEASUREMENTS 

Measurements  in  the  VHF  range  were  made  on  220-Mcp8  back¬ 
fire  antennas  at  the  AFCRL  Ipswich  Field  Station  and  are  described 
in  Ref.  6.  A  photograph  of  a  2  X  long  backfire  model  is  shown  in 
Figure  13.  The  construction  is  very  similar  to  that  of  the  UHF  model 
as  it  also  employs  elements  of  aluminum  rod  and  a  plane  reflector  of 
expanded  aluminum.  The  element  spacing  is  again  0.  20  X.  A  far¬ 
field  pattern  of  a  1  X  200-Mcp8  backfire  antenna  is  shown  in  Figure  14. 
For  comparison  the  pattern  of  the  Yagi,  before  it  was  converted,  is 
shown.  The  gain  of  the  backfire  was  increased  by  4.  6  db  over  that 
of  the  Yagi,  and  the  half-power  beamwidth  decreased  from  48^  to  34^. 
At  the  same  time,  the  backlobe  was  decreased  significantly. 
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Figure  12.  E- Plane  Farfield  Pattern  for  a  1.  5  \  Backfire  Antenna 


In  order  to  obtain  these  results  the  antenna  dimensions  had  to 
be  adjusted  to  the  following  dimensions: 


Number  of  directors 

3 

Length  of  directors 

0. 350  \ 

Spacing  of  directors 

0.  200  X. 

Number  of  linear  reflectors 

3 

Length  of  center  reflector 

0.503  X. 

Length  of  outside  reflectors 

0.410  X. 

Spacing  of  center  reflector  from  feed 

0.  200  X. 

Spacing  between  reflectors 

0.  200  \ 

16 
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Figure  14.  E- Plane  Farfield  Patterns  of  a  Yagi  and  Backfire  Anten¬ 
na  1  X.  in  Length  for  ZZO  Mcps 


Dimensions  of  plane  reflector 

Spacing  of  plane  reflector  from  last  director 

2. 0  XX  2.  0  \ 
0. 200  X 

Length  of  feed 

0.518  X 

Diameter  of  elements. 

0.0117  X 
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5.  CONCLUSIONS 


The  experimental  work  performed  on  the  backfire  antennas, 
which  were  converted  Yagis,  shows  that  the  backfire  principle  is  ap- 
plicable  to  endfire  antennas  for  a  wide  range  of  frequencies.  The 
gain  of  the  backfire  antenna  is  between  4  and  6  db  higher  than  that  of 
an  optimized  endfire  antenna  of  the  same  length;  conversely,  to  achieve 
the  same  gain,  the  backfire  antenna  needs  to  be  only  ^to  .^as  long  as 
the  ordinary  endfire  antenna.  By  stacking  a  number  of  backfire  an¬ 
tennas  in  front  of  a  common  plane  reflector,  gain  figures  of  25  db  can 
be  obtained.  The  size  of  the  plane  reflector  is  the  only  limiting  factor 
for  applications  of  the  backfire  principle,  especially  at  the  lower  fre¬ 
quencies. 

The  backfire  antenna  may  have  a  wide  application  to  the  field 
of  medium  gain  antennas  (10  db  to  25  db),  when  conventional  endfire 
antennas  are  becoming  too  long  and  parabolic  dishes  are  still  too 
expensive. 


Acknowledgments 


This  work  was  done  under  the  general  direction  of  Mr.  Francis 
J.  Zucker,  Chief  of  the  Waves  and  Circuits  Branch,  and  Mr.  Carlyle 
J.  Sletten,  Chief  of  the  Electromagnetic  Radiation  Laboratory,  AFCRL. 
The  authors  are  indebted  to  Mr.  W.  G.  Mavroides  and  to  Mr.  L.S.  Dorr 
of  the  Ipswich  Field  Site,  AFCRL  for  their  experimental  work  on  all 
220-Mcps  antennas. 


19 


References 


1.  H.  W.  EHRENSPECK,  The  Backfire  Antenna,  A  New  Type  of 

Directional  Line  Source,  Proc.  IRE.  i8.(No.  1):  109, 

January  I960. 

2.  H.W.  EHRENSPECK,  The  Backfire  Antenna,  A  New  Type  of 

Directional  Line  Source,  AFCRL  722,  August  1961. 

3.  F.  J.  ZUCKER,  Antenna  Engineering  Handbook,  Chapter  16, 

H.  Jasik,  ed.  McGraw-Hill  Book  Co.  ,  Inc.  ,  New  York,  1961. 

4.  H.W.  EHRENSPECK  and  H.  POEHLER.  A  New  Method  for 

Obtaining  Maximum  Gain  From  Yagi  Antennas,  AFCRC-TR-58-355, 
AD  160761,  December  1958. 

5.  H.W.  EHRENSPECK  AND  W.J.  KEARNS.  Two-Dimensional 

Endfire  Array  With  Increased  Gain  and  Sidelobe  Reduction, 
AFCRC-58-132,  AD  152372,  April  1958. 

6.  W.G.  MAVROIDES  and  L.S.  DORR,  The  Backfire  Antenna,  QST, 

Vol.  XLV,  No.  10,  p.  50,  October  1961. 


u 

-rt*  ^ 

?  a-*** 

0  Q  c-  ^ 

^  5  2-^  s 

«  .S'?? 

.  (l,  Vt 

.2  3  ^  U  0) 

0  -=<3 

«  fe-s  " 

0  (/)  rt  -  ,2 

*3  05  E-  C 

J  O  o  ::^  D 
X  ^  H  . 

S  2  <  ■'- 

to  2  •  • 

«  U^i; 

“  H  >- 

^  3  oc  2  >£> 

P 

5  1^  Ul  X-> 

M  •«  3  ® 

,  »  U  Uh  1^ 

^  <  X  CL 

<5cQ>< 


a  «  ^  » 

‘  °  “  .2  V  V 

2  c  U  w  L>  'O  ' 

^  *o  c  o  o  5 

H  .  o  «  Lt  c  ^ 

^  4::  3  Q-  C 


|H  '  o  ?c::iil2 

ip'h  2  U  OfiffllMTS 
•O^  c  «  *^0  tn 
^a^«4)*ia>Ort'- 
--^*0 

s'<o>ft>-M£>cin 

^  ca  o  -  4;  00^  o 

5;  c  (j  w  r;:  o 

r'c  °  “  2  -  S-b-O  O. 

•'-flJaQQsLJ 

X0IJ>"'^S2O« 

Pxu.^oEtj*^ 

7  4J  ::  2  H  M  'x  0  3 

“  ^  s  =  ”  £  I  £  .5 

'  ^  I*  C  *«  *-  "O  3 

'rt2i>.^4}  -  flJcic 

;  5^  ?  “Sg  «  -  £ 

•  ^  ®  re  ^  Q  Q 

I  U  <L  ®  .  ^ 

I  OX  ju'O  —  O  >'*^ 

1  ^  «  O  -S  ^  * 

£2.2  «|  °-o  S 

:*-xuc>'^'o«c 

I  OTJx'i^x  o 


«  o  ®  «n 

e  n  0  ?« 


«  3  -O  2  W  ^ 

5  r  £  I  £  .5 


Q  c  - 

<  t: 

•  U  '  a> 

ti,  J  ». 


tn  J  ». 

>  a  -q 
o  ^  w  q 
.K^  5 

t<  T3  ^  ® 

3?  ^  X 

05  £3  c 
o  o  t:  D 
u, 


4)  u  g- 

05  H>- 

a>  X  2  E!^ 

Qc  r;  <  • 

X  2  05  2x 

E’SCiS- 

flS  rt  v* 

U  «>  n  <  ::5 

X  U  PL  t. 

U4  <  X  a 
<  ^  ffl  >< 


°;iSi 

« *0  o 
5*^  j2' 

■y  O  ^O' 
Z  w  re 

■S  ^  ^ 

a>.‘«  § 

«•"'«« 
c  "  c 

.3  NS 

't  ffl  -p  .2 

•£  “.§  s 

2  t:  X  w 


*3  «  Li  4J 
Q.  rt  O  X 
a.  c 

rt  C  ^  ^ 
” 

X  3  u-  4> 

H  rj  o  -q 


X  ® 

U  >  X 

.P  («  4) 
X  C  U 

>  a  u 
^  4J  3 
ns  3!  w 

C  0 

0 

.2 « « 

2.2 « 

u  c  > 
nj  E  ns 
X  1.  X 


-3i  .«• 

4)  4^  ,  y 

“S  C  « 
0  O  2  X 

L  c  3 

a  c  ^  g 
c  X  .2 

oc  ns  vm  ^ 

X  L  y  yj 

<y  o  rt  •« 

«  C  mT3 
“?  O 

■s  "i  I 

S-"  ^  3 

s  S£  J 

O  2  T3  t. 
°  2  ^  M 

g  .£  £  .5 

*3  ^  ns 
.  (fl  tiC 

O  ns  *  X 

"O  .2  5  -t: 


O  <«  *  X 

^  .2  g  -t: 

c>  2^"-' 
o  "S  '3  2 

o  o*q  2 
q  g 

>*<  C  j-  4) 

0  ns  ^ 


Q 

® 

« 

X  d 

U 

MS  c 

X 

C  4; 

^  c 

<  x* 

t/) 

(fl  <fl 

.  LI 

c/l 

"  2 

^  g. 

J 

U 

i!  4 
p  f. 

c  c 

0  ?? 

z 

.2*^ 

L.  ^ 

D 

Q  CQ 

55  w 

rj 

-a 

4)  M  *-i  a 

DC  7*  d 

”  H  ^ 

rswis^ 

J  sazS 

£■525  2 
«  «2« 

,  «  y  fc  C 


*  L  ®  C  4)  U 

;«&"■§§ 

’£2  £  g  a 

}  u  I  o  cr 

3  O  L  (fl  « 

5  S  o  IS 

j  ^  «  ns 

^  M  <0  r  c  — 

g  s  “  "  « 
!•  e  g  "  S 

3  q  P  lu  * 

^  u  X  o  4) 

=  N  S  “2  " 
«  E  s  «  «  s 
:  'S  S,  >  n  5 

y  2  2 

-  S  2 

J  7  u  W  4< 

^  '  >  X  C  U 

n  .S  d  i  P  w 

y  .5  ^  4>  3 
;  “o  5  E  “ 
w  —  X  c  «  P 

g-s5  ^  “>s 

P  MS  2 
.I4  «  X  S<  o 
n  L  V  (U  ® 

n  ox  2*0.- 

g"*  .2  4)  itf 
V  L  .M  (4 

U  X  u  X  .2  <) 
M  ^  X  u  c  > 
P  «s  («  P  rt 
(6  0  q  X  2  X 


-rt  X 

q  ^  q 

4S  4)  ,  4; 

t->  q  1  m 

O  O  P  S 

L  C  *«  3 
Ol  ^  4)  y 

'  C  ^  .2  .2 

MS  ns  «4H  73 

2  J?  ij  X 
4)  O  M 

^  S  60  "P 

bt^ 

X  o 
Ji  ^  :s  ** 

'  2  Pi  X  CL 

S  2  o  X 

I  ^  C  w  4, 

'  O  o  >*>1  L 


o  .2  q 

ra  «  o  p 

rg  g  ^  60 

q  «  tS  ^ 
5  p  s  p 
“=0  “  S 

o-  “ 
o  -  X 

,  •*  .a  §  a 

I  .  X  .H  > 

ols  2 

o  P-q  2 

q  rt  g 

!  ’r  P  c  S 

I  0  rO  »H  4^ 


"S  2.^ 

p  Q  c  -  ^ 

•g  §  g 

”  -!S;gg- 

.2  g^'g'S 

o  -ai^S 

2  « 

o  cfl  rt  ^ 

•S  05  £3  d 
4  p  o'S  D 
X  5  i  . 

««  S  .s 

4)  Z  < 

X  ^  .  . 

^  u^g; 

«  X  2:  -p 

2 

•S  2«z3 

i  "SS- 

3  sS®- 

r  X  U  k 

^^  ««  <  X  a 


^  X  9  a  X  o 
^  «  a  o  »  j  "o  ■ 

r*^^.2d4)UU' 
,„P*rtqco 
>iii^04iL 
oP^:^  £c3a 

4)'S^ci2rtJjSs' 

a^  .§::  g- X 


o<  •  o  r 

“S 

p  Li  X  ■ 

Li  ^  Jj  g 

CL  ^  6 

«  'P  « 

.t:  .£  S  p 

2  ill 


^  ^  rt  T3 
£  «2  « 


W  z  4-»  ^ 

4S  X  P  X  u 
X  •-  7  U  -3 


4  Li  X  X 

■—  U  3  re 

(«  g  .5  X 

.2  .?  X 

q  X  k  « 

aS  ®  5 

£  « »«  « 

H  rt  0  q 


4s  3  q 

(1  4  X  d 

g  S  c 

I  s>^§ 

"5  o'" 

4)  ^  X  « 
.-  4)  X  o 

32.2  «o 
u  c  >  ^ 
<«  5  (« 

X  X  0 


J?  U  X 

o  ns  - 

g  MS-P 

**2  o 

JJ  3 

!  ^ 

2  O  X 

d  '♦H  y 

.2  q 
«  p 
p  'C  .2P 

4)  —  iM 
e  « 

1 

q  .  rt 

re  tSO 

S  eS 

X  .2  ^ 

^.'5 
'S'p  2 

a^p  j8 

q  ^  g 

d  g  g 
<«  *3  ^ 


